Copper is quantitatively retained by 1,10-phenanthroline and tetraphenylborate onto benzophenone in the pH range 1.6-10.4 from a large volume of aqueous solutions of various samples. After filtration, the solid mass consisting of copper complex and benzophenone was dissolved in 5 mL of dimethylformamide and the metal was determined by flame atomic absorption spectrometric. About 0.2 ).lg of copper can be concentrated from 500 mL of aqueous sam1>le, where its concentration is as low as 0.4 nglmL. Eight replicate determinations of 3.0 ).lglmL of copper in final dimethylformamide solution gave a mean absorbance of 0.180 with a relative standard deviation of 1.8 %. The sensitivity for 1% absorption was 73 nglmL. The interference of a large number of anions and cations has been studied and the optimized conditions developed were utilized for the trace determination of copper in various alloys and biological samples.
Copper is an essential element not only for life in mammals but also for plants and lower form s of organi sms. It has varied bi o logical effects as an essential element and as a toxic element, it is also used as algicide and herbicide 1 ' 2
• In natural water and biological samples, its level is low, and steps for separation and enrichment are usually required. This way many preco ncentration procedures for copper determination 3 -14 have been developed and they involve different analytical techniques and several materials. Solid phase ex traction process 6 -14 has received more acceptance due to a number of possible advantages including availability and easy recovery of the solid phase, reach of hi gh preconcentration factors and easiness of separation and enrichment usi ng conti nuous flow systems . In this paper, an efficient method for the preconcentration of copper from a large volume of the aqueous solutions of various standard reference materials with I, 1 0-phenanthroline-tetraphenylborate (TPB)-benzophenone adsorbent is described. The method is economical (all reagents are cheap compared to many other reagents used recently
rapid (the metal complex simply adsorbs onto benzophenone) and sensitive (the solid mass can be dissolved in 2-5 mL of an organic solvent, and the whole of the solution may be used for the absorbance E-mail: ma_taher@yahoo.com; Fax: 0098 341 3221452 measurement). The solid mass, consisting of the metal ion associated co mplex and benzophenone [Cu-1.1 0-phenanthroline-(TPB )-benzophenone ], can easi I y, be dissolved in a suitable organic solvent such as dimethylformamide (DMF), and th e copper Is determined by flame ato mic absorption spectro metric (FAAS). A number of parameters have bee n evaluated and the developed method has been appli ed to the trace determination of copper in van ous standard alloys and biological samples.
Experimental Procedure

Apparatus and reagents
A Shimadzu AA 670 flame atomic absorpt ion spectrophotometer was used. All reagents were o r analytical reagent grade. A standard copper solut ion was prepared from copper(IJ) nitrate in distill ed water 
Method
An aliquot of copper solution (containing 0.5-70 , Llg) was placed in a 100 mL Erlenmeyer flask fitted with a ti ght stopper and was mixed with 1.0 mL of I % (wlv) L-ascorbic acid solution, to reduce copper(Il) to copper(!). Then 2 mL of 0.2% of the reage nt (I, I 0-phenanthroline) was added to it and the mixture was diluted to 30-AO mL with water. The pH was adjusted to 4.5 with 2 mL of the buffer and then 2 mL of I % TPB solution was added. The solutio~ was mixed well and allowed to stand for few seconds. 0.2 g of benzophenone was added as a solid solvent. This so lution was stirred for 4 min to adsorb quantitatively Cu-1, 1 0-phenanthroline complex onto benzophenone. The solid mass cons1stmg of benzophenone and metal complex was separated by fi ltration on a Whatman filter paper (No. 1041). The residue was dried in the folds of a filter paper and transferred to the Erlenmeyer flask. The solid mass consistin g of the metal complex along with benzophenone was di ssolved in 5 mL of dimethylformamide (DMF) . The solution was aspirated into an air-acetylene flame and the absorbance was measured at 324.8 nm . A calibration graph was prepared by taking various known amounts of copper under the conditions given above.
Results and Discussion
Reaction conditions
Reaction cond itions were established with the use of 15 ).Ag of copper. The adsorption of copper on the adsorbent was found to be maximum in the pH range of 1. 6-1 0.4. ln subseq uent studies, the pH was maintained at pH -4.5 . Addition of 0.5-15.0 mL of the buffer (pH -4.5) did not affect the retention of copper and therefore use of 2.0 mL was recommended. Copper was quantitatively adsorbed over the reagent range of 1.0-6.0 mL. Therefore, 2.0 mL of the reagent is recommended in th e present study.
Various amounts of benzophenone were added to the sample solutions keeping other variables constant. The volume of the aqueous phase was varied in th e range of 10-700 mL under the optimum conditions. keeping the other variables constant. It was observed that the signal height was almost constant up to 500 mL (preconcentration factor of I 00) . Howe ver. for convenience, all the experiments were carried out with 40 mL of the aqueous phase.
Choice of solvent
A number of solvents were tri ed for di ssolvin!! th e Cu-I, 1 0-phenanthroline-TPB-benzophenone. A~ it was desired to dissolve the solid mass in a smal l volume (3-5 mL) of solvent, it was essenti al to select a solvent in which the chelate is hi gh ly solubl e in order to achieve a high sensitivity for the ato mic absorption spectrometry . The solid material ·was found to be insoluble in ordinary organic solve nt s such as, n-hexane, but soluble in dimethy l sulfoxide. toluene, ethanol, chloroform, dioxane, acetone ::111d dimethylformamide (DMF). DMF was preferred owing to the high solubility and stability of th e metal complex in benzophenone. It was foun d that 3-5 mL of thi s solvent was sufficient to dissolve th e mixture. thu s enhancing the sensitivity of the method, as only a small volume (3-5 mL) of the solvent was used to di ssolve the complex and benzopheno ne .
Calibration and sensitivity
Considering that it is possible to retain 0.20 ~lg of copper from 500 mL of solution, the disso luti on with 5.0 mL DMF gives a detection limit of 0.4 ng/mL for copper at the optimum conditions. The lin eari ty was maintained in the concentration range of I to 7 ).Ag/mL copper in aqueous solution or 0. 1 to 14 ).Ag/mL copper in final DMF soluti on with a correlation factor of 0.9994. Eight replicate determination s of 15 ).Ag o f copper in final 5 mL DMF solution gave a mean absorbance of 0.180 with a relative standard deviation of 1.8%. The sensitivity for 1% absorption was n ng/mL in final DMF solution .
Effect of diverse ions
Various salts and metal ions were added individually to a solution containing 15 ).Ag of copper and the general procedure was applied. The toleran ce limit was set as the diverse ion req uired to cause ±:F' kerror in the determination of copper. The result s obtained are given in Table 1 . Among the an ions examined, large amounts of chloride, bro mide, nitrat e. acetate, carbonate and sulphate could be tolerated. Citrate, oxalate, orthophosphate, tartrate and EDT A interfered. Except EDT A, a relatively low amount of these anions could be tolerated. Obviously the stability constants of Cu-EDT A complex must be higher than Cu-I, 10-phenanthroline complex. Of the metal ions examined, many did not intetfere up to mg levels except Fe(II). Fe(II) was masked with 3 mL of 5% NaF solution. Thus, the proposed method is selective and can be used for the determination of copper in standard alloys and biological samples without any prior separation.
Analysis of copper in standard alloys and steel samples
The proposed method was applied for the determination of copper in Nippon Keikinzoku Kogyo 6-14 mL of hydrochloric acid (1 + 1) by heating on a water-bath and then 1 mL of 30% (vlv) hydrogen peroxide was added to it. The excess of peroxide was decomposed by heating the sample on the water-bath . The solution was cooled, filtered if needed and diluted to 100 mL with distilled water in a standard fla sk. An aliquot (1-2 mL) of this sampie was taken in a 20 mL beaker and the general procedure was applied. The results obtained are given in Table 2 . These results are in agreement with the certified values.
Analysis of copper in biological samples
The accuracy and applicabiiity of the proposed method has been applied for the determin ation of copper in National Institute for Environmental Studies (N IES) No.1 Pepperbush; NIES, No.3 Chiarella; NlES, No.5 Human Hair; NIES, No.7 Tea Leaves. A 0.1 g sample was taken in a beaker and dissolved in concentrated nitric acid (""5 mL) with heating. The so lution was cooled, diluted and filtered. The filtrate was made up to 100 mL with water in a calibrated flask. NIES, No.8 Vehicle Exhaust Particulates (I g) was dissolved in 18 mL of concentrated nitric acid, 18 mL of concentrated perchloric acid and 2 mL of concentrated hydrofluoric acid in a 100 mL Teflon beaker, evaporated to a small volume, filtered through a filter paper and made up to 100 mL with distilled water. An ali quot ( 10-50 mL) of the sample solution was taken individually and copper was determined by the ge neral procedure. The results are given in Table  2 which are in good agreement with the certified va lu es.
Conclusion
A si mpl e, economical and highly selective adsorbent has been generated simply by mi xing the aqueous solutions of 1, 10-phenanthroline and TPB with benzophenone for the preconcentration of copper from the large volume of the aqueous solution of all oys and biological samples. Since 1, 10-phenanthroline reacts with many metal ions, therefore, simil ar procedure may also be developed for other metal ions too. It is not possible to develop selective methods for metal ions using this adsorbent 111 spectrophotometry , since many metal-! , 10-664 Indian J. Chem. Techno!.. No vember ::!00. \ phenanthroline complexes wavelengths. However, with problem can easi ly be solved.
